wide, while in later experiments it was enlarged to 51cm long and 25 cm wide, because the transmitter was improved to be equipped with a surfacing switch.
All of the harnesses were lined with neoprene rubber.
The weight of the harness with the transmitter was 2.6 to 3.1 kg in the air and, 0 or slight minus in the water. The harness holding the transmitter was attached to the dorsal fin with only belly belts of 3.5cm wide, or belly belts and a plastic strap. A vinyl sleeved plastic strap fixed the harness through the anterior portion of dorsal fin. More detailed techniques for harnessing are found in the previous paper.10) Table 1 gives the basic data of radio tagged bottlenose dolphins. These 14 dolphins were driven into the inlet of Tatsunoshima, Iki Island, or Taiji, Kii Peninsula from February 1983 through March 1986. Twelve dolphins except Nos. 4 and 5 were tagged in a few days after the capture. No. 4 dolphin was kept in the cove of Katsumoto, Iki Island for about 2 months. No. 5 dolphin was kept in Taiji Whale Museum over 1 year and used in the experiment for harnessing adaptation during about 2 months before tagging.
Distances between successive positions reported by Service ARGOS were calculated in a straight line with the expressions stated by Okuda and Suzuki.12) Sea surface temperature was obtained from the AVHRR (Advanced Very High Resolution Radiometer) of NOAA 9 satellite. 
Process of Tagging and Movement
No. 1 dolphin was tagged in the beach of the inlet of Tatsunoshima, Iki Island on 30 March 1983 and kept in the inlet to examine the conditions of the attachment of radio tag and the transmission. Radio tag was attached to her with only belly belts which were made of synthetic fiber. No. 1 was driven out from the inlet at 1400 of the next day accompanied by two button tagged dolphins.
The contact with satellite was conducted five times from 0506 on 31 March to 0721 on 1
April, but the location was not made. Table 2 gives the numbers of the contacts with satellite and the location, and the periods between the release or tagging and the last contact.
Satellite Radio Tracking of Bottlenose Dolphins 1329 Travelling speeds (m/min) min. mean 1  5  0  43 h  51 min  ----2-A  4  1  834  50  ----2-B  1  0  12  ----3-A  10  2  24  43  ----3-B  4  1  5  50  ----3-C  4  2  5 (Fig. 1) .
No. 4 dolphin was tagged on the small boat and released off Katsumoto at 1407 on 17 April 1984 accompanied by two button tagged dolphins. No. 4 was located 47 times till 0751 on 10 May. By 19 April, 2 days after the release, she moved to the fishing ground "Hichiri-ga-sone", where fishermen of Katsumoto were catching mainly yellow tail, Seriola quinqueradiata, in winter season (Fig. 1) . She came back to 1.0-3.5 km off the northeastern coast of Iki Island on 20 April. Later on that day, she remained nearshore within a 1 km radius. In May, the positions reported from Service ARGOS were sometimes on the shore. Therefore, I looked for No. 4 dolphin near the shore using the simple portable receiver on 12 May and the signals from No. 4 were received barely, but I could not find out her. On that day, however, a fisherman reported that he found only the radio tag on the shore. The radio transmitter recovered was slightly broken on the antenna, surfacing switch and connecting pipe. The tag was supposed to have slipped off the dolphin. From No. 5 dolphin used in the harnessing experiment for 2 months, the harness was removed at about 0940 on 22 March 1985. Radio tag was attached to her with elastic belly belts and a vinyl sleeved plastic strap on the fishing boat. She was released about 3.5 km off Taiji alone at 1100 (Fig. 2) . No. 5 was located 73 times until 9 April. She remained within a 2.5 km radius off the Cape of Kandori, Taiji, by the morning of 28 March after the release (Fig. 3) . During the next 4 days, she was usually located off Ugui. Then she began to move actively to the north along the coast by the evening of 3 April. On 4 April, No. 5 was swimming offshore. Fig. 4 shows the offshore movement of No. 5 with the stream line of the Kuroshio Current off Kii Peninsula. Later on that day, she moved southeastwards and appeared to swim along the Kuroshio Current by 9 April. She was last located at 0803 on 9 April.
In the 6th experiment, six bottlenose dolphins were tagged on the small boats, transported off the set nets located in the entrance of Taiji Fisheries Port, and released together at 1130 on 22 March 1986. Radio tag was attached to Nos. 6-A, B, C and F dolphins with elastic belly belts and a vinyl sleeved plastic strap, and also to Nos. 6-D and E with the synthetic belly belts and the plastic strap. Nos. 6-A and C dolphins were not located, while the contact with satellite in No. Travelling Speeds Table 2 gives the maximum, minimum and mean travelling speeds. Travelling speed was calculated from the straight distance for the times when the locations were made. No. 4 moved to the fishing ground at 5 m/min after the release and turned back nearly Iki Island at 8 m/min. Table 3 gives the presence or absence of location by the number of transmissions to satellite in the 5th and 6th experiments. In No. 5 dolphin, it was possible to locate at 45 % (73/163) of the contacts with satellite. The location was made only once (1/13) in 4 transmissions per one pass of satellite, 50% (10/10) of contacts under 5 transmissions, and about 81% (17/21) under 6 transmissions. In March when the dolphin did not not move actively, the location of the dolphin was made at 44 of the 91 contacts with satellite. In April when moving actively, that was made at 29 of the 72 contacts. It was not significant difference between both of them.
Number of Transmissions for Location
Nos. 6-B, E and F dolphins were located in 62, 61 and 46% of the contacts with satellite respectively. In the 6th experiment, the location needed at least 5 transmissions per one pass of satellite. No. 6-E, however, was not located twice at 14 transmissions per one pass of satellite. The locations per day in Nos. 6-B, E and F were made 6.5, 5.8, and 5.2 times respectively.
Under the satellite tracking systems used in this study, the location was made at about 50% of the contacts with satellite. When the transmission was more than 4 per one pass of satellite, the location was made at 77% of the contact.
Discussion
Satellite-linked radio tag was attached to 14 bottlenose dolphins and 11 of them were released in the sea. The longest duration of the contacts with satellite was 35 days in No. 2-A dolphin, though the contacts were not made continually. The radio tag, however, was supposed to have been attached to the dolphin still. Because if the tag had come off the dolphin, it would have been turned upside down and could not have transmitted any signal to satellite. The radio tag of No. 4 dolphin was located successively for 25 days, but it came off the dolphin and was recovered while functioning. When the tag came off the dolphin was not known. These tags are supposed to have almost completed the battery life for about 30 days. No. 5 was tracked for 18 days. Successful satellite tracking was made in Nos. 5, 6-B, R; release. Half tone; nighttime.
6-E and 6-F, although the tracking periods were not long-enough. These speeds reported were faster than the average speeds of this study. This difference is probably brought forth by the method for getting the value; the value of this study is calculated from the straight distance between successive positions for at least about 100 min. The speed by Wiirsig and Wursig22) is calculated from the theodolite readings made within 30 s of each other on sighting. On the other hand, the maximum speed of this study is almost similar to the average or normal speeds reported by other investigators. If the maximum speed is presumed to have been calculated at the time when the dolphins swam straight between successive positions, it may be to show the true speed of travelling. The maximum speeds of Nos. 5 and 6-F dolphins were observed when the dolphins swam along the Kuroshio Current. At that time, the dolphins appear to have swum straight, because bottlenose dolphin generally does not swim against strong current. The tagged dolphins tended to swim faster between midnight and sunrise. They may travel mainly during these times.
are supposed as follows; 1) Tracking period and range are not restrict.
2) Many tagged animals can be tracked at the same time. 3) Satellite, namely tracking vehicle, does not affect the behavior of tagged animal.
In order to make the best use of satellite tracking systems, the optimum technique for attaching radio transmitter should be developed.
Of course, the smaller transmitter must be improved.
If these developments can be made, satellite tracking systems will be an effective and useful tool to investigate the migration, movement and behavior of marine animals.
